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ABSTRACT
We report the results of a survey in the CH3CN J=12 → 11 transition toward a sample of massive proto-stellar
candidates. The observations were carried out with the 10m Submillimeter telescope on Mount Graham, AZ. We
detected this molecular line in 9 out of 21 observed sources. In six cases this is the first detection of this transition. We
also obtained full beam sampled cross-scans for five sources which show that the lowerK−components can be extended
on the arcminute angular scale. The higher K−components however are always found to be compact with respect to
our 36′′ beam. A Boltzmann population diagram analysis of the central spectra indicates CH3CN column densities
of about 1014 cm−2, and rotational temperatures above 50K, which confirms these sources as hot molecular cores.
Independent fits to line velocity and width for the individual K−components resulted in the detection of an increasing
blue shift with increasing line excitation for four sources. Comparison with mid-infrared images from the SPITZER
GLIMPSE/IRAC archive for six sources show that the CH3CN emission is generally coincident with a bright mid-IR
source. Our data clearly show that the CH3CN J=12 → 11 transition is a good probe of the hot molecular gas near
massive protostars, and provide the basis for future interferometric studies.
Subject headings: ISM: molecules – stars: formation
1. INTRODUCTION
Despite the central role of massive stars in almost
all areas of astronomy, the physical processes involved
in the formation of stars with masses > 8M⊙ are
at present poorly understood (e.g., Zinnecker & Yorke
(2007)). Theoretical and observational studies favor the
idea that massive stars, similar to their lower mass coun-
terparts, form from a collapsing cloud core. However,
whether the subsequent formation of a protostar and
further mass accretion occurs from an isolated massive
molecular core (e.g., McKee & Tan (2003), Keto (2007)),
or under the influence of a cluster environment (e.g.,
Bonnell et al. (2004)) remains a persistent question.
One of the earliest observational manifestations of mas-
sive proto-stars are so-called hot molecular cores (here-
after HMCs). Named after the prototype object in the
Orion KL region, they have been surveyed throughout
the Galaxy in an effort to identify candidates for mas-
sive proto-stars (e.g., Sridharan et al. (2002)). Common
search criteria were high FIR luminosity, high molecular
column densities and temperature, and the absence of
strong radio continuum emission — the latter to ensure
an earlier evolutionary phase than ultra-compact (UC)
or hyper-compact (HC) HII regions.
A particularly useful tracer of HMCs is the methyl
cyanide (CH3CN) molecule. Due to the centrifugal
deformation of this symmetric top molecule, its rota-
tional spectrum consists of a series of closely spaced
K−components tracing rapidly increasing excitation en-
ergies. The K−ladders are connected only through colli-
sions so that excitation temperatures can in principle be
measured from the ratios of K−components, thus avoid-
ing the usual calibration uncertainties that occur when
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comparing rotational transitions observed in different fre-
quency bands. An extensive discussion of the microwave
spectroscopy of methyl cyanide is given in Boucher et al.
(1980). Because of these spectroscopic properties, the
CH3CN molecule is frequently used to determine temper-
atures in the dense molecular cores where massive stars
form, using both statistical equilibrium calculations (e.g.,
Loren & Mundy (1984)), or the simpler rotation diagram
technique (e.g., Goldsmith & Langer (1999)).
Another factor that favors the use of CH3CN as a
tracer of HMCs is its enhanced abundance in warm
(T= 100 − 300K), dense (nH2 = 10
6 − 108 cm−3) en-
vironments (e.g., Blake et al. (1987)). This is gener-
ally thought to be caused by grain surface chemistry,
either by primary reactions on the grain surface with
subsequent release into the gas phase when the grain
mantle evaporates, or, alternatively, by secondary re-
actions in the gas phase (e.g., Charnley et al. (1992),
Bisschop et al. (2008)). Recently, Codella et al. (2009)
reported detection of CH3CN in the outflow lobes of
the low-mass protostar L1157-B1, and attributed the en-
hanced CH3CN abundance to shock chemistry. From
these studies it is well-established that CH3CN traces
an energetic environment similar to that expected in the
immediate vicinity of massive proto-stars.
To investigate the HMC phase of massive star for-
mation, several single dish CH3CN surveys have been
made (e.g., Olmi et al. (1993), Araya et al. (2005),
Pankonin et al. (2001)), and a small number of sources
have also been studied with mm-interferometers (e.g.,
Cesaroni et al. (1994), Hofner et al. (1996), Furuya et al.
(2008)). Several of the interferometric studies resulted
in images of CH3CN structures that are elongated per-
pendicular to the direction of molecular outflows, with
velocity gradients along the elongated structures; this
is usually explained as rotational motion of a circum-
2 Rosero et al.
Table 1
Observed Sources
Source R.A. Dec. VLSR d L rms CH3CN Ref.
a
(J2000) (J2000) (km s−1) (kpc) (104 L⊙) (mK) Detection
IRAS 18151−1208 18:17:58.2 −12:07:26 33.0 3.0 2 20 n (1)
G16.59−0.05 18:21:09.0 −14:31:49 60.0 4.5 2b 6 y (1)(2)
IRDC 18223−3 18:25:08.3 −12:45:27 45.0 3.7 0.018 20 n (1)(3)
IRAS 18264−1152 18:29:14.4 −11:50:24 45.0 3.5 1b 6 y (1)
G23.01−0.41 18:34:40.4 −09:00:40 80.0 4.6 20 6 y (4)(5)(6)
G23.71−0.20 18:35:12.4 −08:17:39 79.2 11.0 24c 20 n (7)(8)
G25.83−0.18 18:39:03.6 −06:24:11 91.0 5.6 · · · 8 y (9)
G28.87+0.07 18:43:46.0 −03:35:30 105.0 7.4 19 7 y (2)
G34.26+0.15 18:53:18.5 01:14:58 58.8 3.7 47 20 y (10)(11)
IRAS 18566+0408 18:59:10.0 04:12:16 85.5 6.7 6.3 7 y (1)
IRAS 20126+4104 20:14:26.0 41:13:32 −3.5 1.7 4 6 y (12)(13)
IRAS 21307+5049 21:32:30.6 51:02:17 −47.0 3.6 0.4 14 n (13) (14)
IRAS 21519+5613 21:53:38.8 56:27:49 −63.0 7.3 1.9 20 n (15)
IRAS 22172+5549 22:19:08.6 56:05:02 −44.0 2.4 0.2 20 n (14)
IRAS 22506+5944 22:52:38.7 60:00:56 −51.5 5.7 2.2 20 n (15)
IRAS 23033+5951 23:05:24.8 60:08:14 −53.0 3.5 1 20 n (1)
NGC 7538 S 23:13:45.0 61:26:49 −56.0 2.8 1.6 6 y (16)(17)
NGC 7538 IRS 9 23:14:01.7 61:27:20 −57.0 2.8 2 20 n (16)(17)(18)
IRAS 23139+5939 23:16:10.3 59:55:28 −44.5 4.8 2.5 20 n (1)
IRAS 23151+5912 23:17:21.0 59:28:49 −54.0 5.7 10 20 n (1)
IRAS 23385+6053 23:40:54.5 61:10:28 −50.0 4.9 1.6 20 n (14)
Note. — Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, ar-
cminutes, and arcseconds.
References. (1) Sridharan et al. (2002); (2) Codella et al. (1997); (3) Beuther & Steinacker (2007); (4)
Brunthaler et al. (2009); (5) Araya et al. (2008); (6) Pestalozzi et al. (2005); (7) Sewilo et al. (2004); (8)
Araya et al. (2006); (9) Purcell et al. (2006); (10) Churchwell et al. (1990); (11) Watt & Mundy (1999);
(12) Shepherd et al. (2000); (13) Truch et al. (2008); (14) Molinari et al. (2002); (15) Su et al. (2004); (16)
Werner et al. (1979); (17) Sandell & Sievers (2004); (18) Thronson & Harper (1979)
a References for distance and luminosity values.
b Source has a distance ambiguity. Reported luminosity corresponds to the near distance.
c Source has a distance ambiguity. Reported luminosity corresponds to the far distance.
stellar disk or torus (e.g., Beltra´n et al. (2011)). The
CH3CN molecule is thus a good choice to trace accre-
tion disks around massive proto-stars, whose existence
(if confirmed), and properties will be important input
for current models of massive star formation.
From the above discussion it is clear that observations
of CH3CN with high sensitivity and angular resolution
are well-suited to study accretion disks around massive
stars. Such observations have recently become more ac-
cessible using instruments such as the Submillimeter Ar-
ray (SMA) and ALMA. To facilitate such observations
in the CH3CN J=12 → 11 line, the present study adds
to the existing database of single dish studies of methyl
cyanide.
In Section 2 we describe the observations and data re-
duction, and we present the observational results in Sec-
tion 3. We conclude in Section 4 with a discussion of
these observational results.
2. OBSERVATIONS AND DATA REDUCTION
We observed 21 sources in 2008 from May 26 to 31
in the 1.3 mm CH3CN J=12 → 11 transition with the
10 m Heinrich Hertz Submillimeter Telescope (SMT)2 on
Mt. Graham, AZ. The telescope beam width at 1.3mm is
approximately 36′′, and the pointing accuracy during our
observing run was better than 7′′. The pointing positions
and LSR velocities for the observed sources are given
in Table 1. Most of our target sources are prominent
HMC candidates with large IRAS luminosities. They all
show the typical observational indicators of massive star
formation in the HMC stage, namely massive molecular
cores, H2O and CH3OH maser emission, warm molecular
gas, weak (or absent) radio continuum emission, and the
presence of jets and molecular flows. An exception is
IRDC 18223-3, which is a massive infrared dark cloud
with an embedded protostar, which may be in an earlier
evolutionary state (Beuther & Steinacker 2007).
The observations were conducted in double sideband
mode using the 1.3 mm J–T ALMA sideband separating
receiver3, which simultaneously recorded two linear or-
thogonal polarizations. The CH3CN J=12 → 11 K = 5
transition (ν0 = 220.641089 GHz, Boucher et al. 1980)
was tuned to the center of the lower sideband. We used
2 Operated by the Arizona Radio Observatory (ARO) at the
University of Arizona
3 http://aro.as.arizona.edu/smt docs/receivers/1.3mm ALMA/Manual.pdf
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all six available backends; four low spectral resolution
and two high spectral resolution. The low spectral res-
olution backends were the acoustic-optic spectrometers
(AOSs) AOS-A and AOS-B with bandwidths and spec-
tral resolutions of 975 MHz (1325 km s−1) and 953 kHz
(1.3 km s−1), and two filterbanks which have bandwidths
and spectral resolutions of 1.024GHz (1392 km s−1) and
1MHz (1.4 km s−1), respectively. Most of the data used
for the analysis in this paper were taken with the AOS-
C and the Chirp Transform Spectrometers (CTS-A),
which have bandwidths and channel widths of 250.5MHz
(340 km s−1) and 122 kHz (0.17 km s−1) and 215MHz
(292 km s−1) and 29 kHz (0.04 km s−1), respectively.
The AOS-C bandwidth does not cover all
K−components of the CH3CN J=12 → 11 transi-
tion, hence we centered this backend on the K = 5
component. This setup allowed us to observe the
K = 0 − 7 components simultaneously. The AOS-A
and AOS-B and the filterbanks offer bandwidths be-
tween 950 and 1000MHz so in principle the higher
K−components could be detected. In practice, however,
the lower line strengths of the higher components pre-
vented us from detecting them in all but the strongest
source, G34.26+0.15. Furthermore, the 13CO J=2
→ 1 transition blends with the K = 9 component of
the CH3CN J=12 → 11 transition, thus limiting the
usefulness of this K−component.
The 12CO J=2 → 1 transition located in the upper
sideband (USB) contaminated the lower sideband data
approximately 50 MHz away from the CH3CN J=12 →
11 K = 0 line. With the exception of G28.87+0.07,
this contamination had little effect on the quality of our
data. The USB rejection was approximately 17 dB over
the course of our observations. Given the relatively weak
appearance of the 12CO J=2 → 1 line (normally a very
strong line) in our spectra, we do not believe that there
is significant contamination from other spectral lines lo-
cated in the USB.
Our observations were conducted using double beam
switching with a switch rate of 2Hz and a beamthrow of
2′ with a total on/off cycle of approximately 6 minutes
per scan. System temperatures ranged from 350K to just
under 200K with an average temperature of 212K. Focus
corrections were obtained from observations of Jupiter.
Whenever possible we also derived pointing corrections
from cross scans of Jupiter. When Jupiter was not avail-
able or was located at a large angular distance from the
target source, pointing corrections were made by observ-
ing asymptotic giant branch stars in the CO J=2 →
1 transition falling in the USB. In the case of IRAS
20126+4104 we could line point using the 13CO J=1
→ 0 emission from the source.
At the beginning of each night of observations, we ob-
served the strong source G34.26+0.15 for at least one
scan to check for day-to-day consistency of our observa-
tions and to obtain a template source to identify con-
taminating spectral lines. Subsequently, all sources were
observed for 12–18 minutes to determine the intensity
of the K−components of the CH3CN J=12 → 11 tran-
sition. Promising sources were then re-observed for at
least 2 hr. Additionally, we obtained full beam spaced
cross scans for five sources, typically with 1.5 hr spent at
each offset position.
The data were reduced in CLASS, which is part of
the GILDAS4 software package. All spectra were first
inspected to check for bad channels or any obvious arti-
facts; bad scans were discarded. Subsequently, we sub-
tracted baselines using low order polynomials, and ini-
tially averaged the spectra for each spectrometer and
each day separately. After further inspection, all data
taken on different days were averaged to form a final
data set for each source. After Hanning smoothing and
resampling to the same spectral resolution, we averaged
the AOS-C and CTS-A spectrometer data. We will refer
to the latter data set as ‘high resolution’ spectra. The
data were calibrated using the chopper-wheel method
and the antenna temperature was converted to main-
beam brightness temperature by dividing the antenna
temperature by the main-beam efficiency of the telescope
(ηb = 0.74)
5.
Using the daily spectra of the strong source
G34.26+0.15, we checked our data for amplitude sta-
bility, which maximum deviation from the average was
found to be smaller than 16%. Measured line widths
had maximum deviations of 13%, and the repeatability
of measured frequencies, as well as the linearity of the
spectrometers, was better than 1%.
We have three common sources with Pankonin et al.
(2001), who observed the same CH3CN transition with
the SMT, albeit with a different receiver. These three
sources are G34.26+0.15, IRAS 23139+5939 and IRAS
23385+6053, the latter two being non-detections by us as
well. The results of our line fitting of G34.26+0.15 agree
very well with the spectrum of the same source shown in
Pankonin et al. (2001).
3. RESULTS
3.1. Line Contamination
As mentioned above, we obtained spectra of the strong
source G34.26+0.15 to study possible line contamination
of the CH3CN J=12 → 11 transition. In Figure 1 we
show the full 1GHz bandpass for this source. In addition
to the K−components of the CH3CN J=12→ 11 transi-
tion many other molecular lines were detected. We used
the JPL Molecular Spectroscopy Catalog (Pickett et al.
1998) in conjunction with the Cologne Database for
molecular spectroscopy (CDMS, Mu¨ller et al. (2001)) to
identify the detected lines.
In some cases there was a high level of ambiguity in the
identities of the spectral lines. In these cases, molecules
that were unambiguously detected elsewhere in the band-
pass were preferentially chosen. Lines that we were un-
able to identify are labeled as “U” for unknown lines
and are numbered according to their order of appear-
ance. Over 60 lines were identified across the full band-
pass and we have detections in the CH3CN J=12 → 11
transition up to K = 10. The same transitions in the
isotopologue CH133 CN were also detected, possibly out
to K = 9. In the case of this isotopologue the K = 0, 1
and 3 components and theK = 7 and higher components
are blended with other lines. Absorption features are ob-
served around the 13CO J= 2 → 1 line; these features
are possible artifacts arising from 13CO emission in the
4 http://www.iram.fr/IRAMFR/GILDAS
5 http://aro.as.arizona.edu/smt docs/smt efficiency.pdf
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Figure 1. The above spectrum shows the full bandwidth of the combined AOS-A and B spectrometers for the source G34.26+0.15. The
spectral resolution is about 1MHz. Line identifications are indicated by vertical lines.
off-beam, and the line identifications in this area of the
spectrum are tentative at best.
From inspection of Figure 1, we conclude that the
CH3CN J=12 → 11 K = 0 – 4 , 7, 8, and 10 suffer
no significant contamination but the K = 5, 6 compo-
nents suffer some blending with lines from other molecu-
lar species. The K = 9 component is rendered useless by
overlap with the 13CO(2 − 1) line. In the analysis that
follows we use the K = 5, 6 components only when we
are confident that we can reasonably separate them from
the other lines; the K = 9 component we do not use at
all.
3.2. CH3CN Line Detection and Analysis
We detected emission in the CH3CN J=12→ 11 tran-
sition towards 9 of the 21 sources of the sample (see Table
1). In Figure 2 we show our high resolution spectra at
the center position. K−components were detected up to
K = 7 for several sources. The upper excitation energy
of the K = 7 component is about 420K (Boucher et al.
1980), thus indicating the presence of hot molecular gas.
We have performed simultaneous Gaussian fits for all
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Figure 2. Spectra at the central position for the sources with CH3CN J=12 → 11 detections. The dashed lines indicate K−components
for the main isotopologue. In the spectrum for the source G34.26+0.15 we also indicate the detected K−components of CH313CN with
solid lines. USB emission is affecting the K = 0, 1, 2 lines in G28.87+0.07.
K−components of the CH3CN J=12 → 11 transition.
The FWHM of all lines was kept constant at the value
measured for the unblended K = 3 component, and the
relative position of all lines was fixed at the theoretical
values. For the main isotopologue the K = 5 line was fit
with 3 Gaussians when blending with CH3
13CN K = 0
and K = 1 was suspected. The K = 6 line was fit taking
into account that its high-frequency wing is blended with
the K = 3 component of CH3
13CN.
The magnitude of the hyperfine splitting (hfs) of the
CH3CN molecule reported in Boucher et al. (1980) for
the CH3CN J=12 → 11 transition is ≤ 0.3MHz. Due
to the large FWHM (∼ 8 MHz), and the relatively low
signal-to-noise detections of the higher K−components,
we omitted the hfs in the line fitting. In Table 2 we list
the line parameters from the Gaussian fits.
In Figure 3 we show the full beam spaced cross scans
that we obtained toward five sources. Inspection of the
figure shows that the methyl cyanide emission peaks
strongly at the central position. Occasionally the lower
K−components (K = 0 − 2) were detected away from
the center position (IRAS20126+4104, NGC 7538S), in-
dicating that for these sources the warm gas giving rise
to the emission is extended on arc-minute scales, but the
higher K−components (K > 3) are always found to be
compact with respect to our beam.
We used the population diagram technique to derive
the rotation temperature and column density for our
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Figure 3. Full beam spaced cross scans towards 5 sources obtained with the SMT10m telescope (beam size 36′′). The dashed lines below
the spectra indicate the position of the K−components of the CH3CN J=12 → 11 transition. The telescope beam at FWHM is shown at
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Table 3





IRAS 18264−1152 0.30(0.04) 71(2)
G23.01−0.41 1.1(0.3) 180(14)
G25.83−0.18 1.2(0.2) 148(8)
G28.87+0.07a · · · · · ·
G34.26+0.15 18.0(3) 236(14)
IRAS 18566+0408 0.9(0.2) 212(19)
IRAS 20126+4104 1.2(0.2) 203(13)
NGC 7538 S 0.46(0.06) 70(2)
Note. — A Gaussian source with FWHM of
10′′ has been adopted.
a No reliable fit was possible.
targets. This analysis assumes optically thin lines and
level populations described by a Boltzmann distribution
(e.g., Goldsmith & Langer (1999)) and furthermore
that all lines trace the same volume of gas. The data
are characterized by a linear fit where the negative
reciprocal of the slope is Trot and the y-intercept is used
to infer the column density (NCH3CN ) (see Araya et al.
(2005) for a detailed description). When calculating the
CH3CN column density we adopted a gaussian source
size of FWHM of 10′′.
Figure 4 shows Boltzmann plots for all detected
sources. NJK , gJK and EJK are the column density,
statistical weight and upper state energy for the (J,K)
state, respectively. The linear fit was made using only
the CH3CN main isotopologue data. The results of our
population diagram analysis are presented in Table 3.
With the low signal-to-noise (S/N) ratio of our spec-
tra, detection of the CH3
13CN isotopologue would indi-
cate optically thick lines. However, only for G34.26+0.15
we detected the first three K−components of CH3
13CN
above a 3σ level. The optical depth of the main line
K = 2 (which is less blended) estimated from the ratio of
the line intensities is ∼ 8, assuming 12C/13C= 50. The
ratio was calculated based on the abundance variation
with galacto-centric distance (Wilson & Rood 1994).
For the other targets, no reliable detection of isotopo-
logue lines was made, therefore a detailed analysis cor-
recting for optical depth effects was not feasible. If the
assumption of optically thin conditions is incorrect, the
derived temperature values are overestimated, and the
column density underestimated. However, optical depths
effects will not affect our principal result that relatively
hot molecular gas is present in our targets.
3.3. Kinematics
The above analysis of the physical parameters assumed
uniform conditions in the emitting gas. This is clearly a
simplification, as in most cases one would expect gradi-
ents in the density and temperature. Allowing for non-
uniformity in these parameters is not possible with the
present low angular resolution data, however we consider
here whether kinematic features can be detected in the
CH3CN lines.
Our data in principle allow us to check for gradients in
line velocity and/or line width. For most of our sources
the assumption of central heating, and hence increasing
temperature toward the center of the core is reasonable.
Thus, any change of line kinematic parameters for the
different K−components which have rapidly increasing
excitation energies, would imply radial gradients toward
the core center.
To search for radial gradients we have thus obtained
independent fits for each line, where each K−component
was fit with a Gaussian function independent of the other
components. Therefore, the FWHM, line position, and
intensity of the lines are free parameters in the fit. For
the main isotopologue the K = 5 line was fit with three
Gaussians when blending with CH3
13CNK = 0 andK =
1 was suspected. The K = 6 line was fit taking into
account that its high-frequency wing is blended with the
K = 3 component of CH3
13CN and a vibrational line
of CH3CH2OH. The results of these alternative fits are
shown in Table 4.
Figures 5 and 6 show plots of velocity and line-
width as a function of the upper level energy. From
Figure 5 there appears to be a trend in velocity for
G16.59−0.05, G34.26+0.15, IRAS 18566+0408, and
IRAS 20126+4104. In all cases the putative velocity
gradient is towards lower velocity with increasing upper
state energy. The situation for the line-widths (Figure
6) is less clear. Weak evidence for increasing line width
towards higher energies is present in IRAS 18264−1152,
and G23.01−0.41, whereas the opposite trend is seen in
IRAS 20126+4104. We comment further on these find-
ings in the next section.
4. DISCUSSION
We have used the 10 m SMT to search for CH3CN
emission toward 21 regions of massive star formation.
All of the regions (except for G34.26+0.15) are clearly in
an evolutionary phase prior to that of UC or HC HII re-
gions. We detected nine sources in the CH3CN J=12→
11 transition. For six of these sources this is the first de-
tection in this transition. The low detection rate is likely
due to the limited sensitivity of a single dish telescope
with the relatively small aperture of 10m.
Our cross scans for 5 sources show that the K ≤ 3
are occasionally detected outside the central beam, but
the higher K−components are always compact with re-
spect to our angular resolution. This is consistent with a
warm (T≤ 50K), extended envelope which surrounds a
much smaller and hotter (T≥ 50K) region near the mas-
sive star. This finding is consistent with observations of
other molecular transitions of lower excitation and crit-
ical density (e.g., NH3(1,1)) which probe the more ex-
tended envelope.
Our data thus indicate the presence of gradients in
temperature and density. Hence, to obtain precise phys-
ical parameters interferometric observations are neces-
sary. The single dish beam will receive emission from re-
gions of different physical characteristics, and performing
the simple technique of rotation diagram technique cor-
responds to obtaining average physical properties of the
emitting gas. Taking also into account a number of addi-
tional uncertainties intrinsic to single dish data analyzed
with the rotation diagram method (e.g., Pankonin et al.
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Figure 4. The above figure shows Boltzmann plots for the detected sources. No reliable fit could be obtained for G28.87+0.07. A FWHM
of 10′′ gaussian source size have been adopted. The error bars are 1σ.
(2001)) it is difficult to compare our results with the of
Olmi et al. (1993) and Araya et al. (2005). Nonetheless
we note that our results for the column densities (≈ 1014
cm−2) are quite similar to what was obtained in these
studies. However, our derived temperatures appear to be
higher compared to the values of Olmi et al. (1993) and
Araya et al. (2005). This might be related to the differ-
ent evolutionary state of the target samples. Olmi et al.
(1993) observed many known UCHII regions and the
Araya et al. (2005) sample was selected from IRAS col-
ors typical of UCHII regions, whereas our sample should
represent a pre-UCHII region evolutionary phase. Higher
S/N ratio data, which can put more stringent constraints
on the optical depth in the lines will be required to verify
this speculation.
We conclude that all detected regions contain molecu-
lar gas with T> 50K and methyl cyanide column den-
sities of approximately 1014 cm−2. Assuming a strongly
enhanced CH3CN abundance of 10
−8 the hydrogen col-
umn density in these regions on a scale of 10′′, is then
approximately 1022 cm−2. These numbers are consistent
with the HMC nature of the detected sources.
If the core is heated from the center, then
lower K−component emission arises predominantly
from outer, and hence cooler regions and higher
K−components will dominate in the inner, hotter re-
gions. Consequently, velocity gradients in the K−ladder
components can trace radial dynamics and possi-
ble kinematic scenarios may be either collapse, out-
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Figure 5. Plots of central line velocity vs. upper energy level for all K−components which could be fitted independently. Trends of
increasing blueshift with increasing energy are evident for four sources. The error bars are 1σ.
flows, expansion or rotation (e.g, Cesaroni et al. (1997),
Beltra´n et al. (2004)). We have searched our high res-
olution spectra for evidence of systematic variation in
velocity or line-width as a function of excitation ener-
gies.
A small number of kinematic analyses in CH3CN
has been done but often no conclusive results have
been found due to spectral resolution or S/N limita-
tions. For instance, Olmi et al. (1993) did not find
any reliable trend in their results. On the other hand,
Cesaroni et al. (1999) observed IRAS 20126+4104 using
the IRAM Plateau de Bure interferometer. These au-
thors reported an increase in the velocity and line-width
toward the center of the core. They suggested that this
behavior may be due to rotation of a Keplerian disk sur-
rounding an embedded massive protostar. Our results
for this same region show a decrease in the velocity and
the line-width toward the center, contrary to the results
obtained by Cesaroni et al. (1999). A possible explana-
tion for this discrepancy is the much larger beam of the
SMT which will include more extended gas than the ob-
servations of Cesaroni et al. (1999).
We detected an increasing blue-shift, i.e., toward lower
velocities with higher K−component for four sources.
This trend could be explained by expansion or outflow
motion as seen in an optically thick line. Another expla-
nation for this behavior could be self absorption of an
infalling molecular core which causes a blue asymmetry
in an optically thick line. However with the given S/N
ratio of our spectra we cannot clearly distinguish these
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Figure 6. Plots of line width vs. upper energy level for all K−components which could be fitted independently. The error bars are 1σ.
scenarios. A further complication that we can not ad-
dress is the multiple core scenario. In this case, the cores
have some dispersion of radial velocities that may be un-
resolved in the beam. Therefore, to correctly interpret
the detected velocity trends, further observations with
higher S/N and angular resolution are needed.
Most of the HMCs observed in this paper are associ-
ated with bright IRAS sources, indicating that a massive
object has already heated the surrounding matter. In
Figure 7 we show mid-infrared images of six sources for
which SPITZER GLIMPSE/IRAC data are available.
For five out of these six sources there is evidence for
extended 4.5µm excess emission (e.g., Cyganowski et al.
(2008)). The presence of an extended 4.5µm excess is
generally thought to be caused by emission of high ex-
citation lines from the H2 molecule, and is hence an in-
dicator of shocked gas. Also, five out of the six sources
shown in Figure 7 have strong mid-IR sources, which
clearly shows that at least these HMCs have already
formed massive stars which cause substantial heating of
the molecular cores. One source, G25.83−0.18, shows
only a dark cloud at the suspected position of the mas-
sive protostar. This source also harbors one of the few
6 cm H2CO masers known (Araya et al. 2008). We note
that this source shows quite strong CH3CN emission, and
since this molecule is thought be effectively formed only
with the presence of an energy source, it is likely that
a massive protostar is present in this dark cloud also.
It is tempting then to speculate that due to the different
mid-IR properties G25.83−0.18 is in an earlier evolution-
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Figure 7. SPITZER GLIMPSE/IRAC three-color (3.6 µm-blue, 4.5µm-green and 8.0µm-red) images toward six of our target sources.
The CH3CN J=12→ 11 spectra toward these sources are overlaid on the images. The center of each spectrum is placed at the corresponding
pointing position, and the size of each spectrum corresponds to the beam size.
ary state compared to the other sources which have very
bright mid-IR emission. However, using the extinction
curve of Mathis (1990) we find that hydrogen column
densities of ≥ 2×1023 cm−2 could render a possible mid-
IR source undetectable. Since hydrogen column densities
of this order, and larger, are common in massive star
forming cores, it is conceivable that the different mid-IR
appearance of G25.83−0.18 is caused by extinction.
5. SUMMARY
We have observed a sample of 21 massive proto-stellar
candidates in the CH3CN J=12 → 11 transition using
the 10 m SMT. We detected methyl cyanide in nine of
the sources of the sample.
Rotation temperatures and column densities were esti-
mated using the population diagram technique. Detected
sources have temperatures >50 K and column densities
of ∼ 1014 cm−2, hence they are consistent with HMC
nature. Higher spectral resolution is needed in order to
understand the structure of the kinematics in molecular
cores.
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Table 2
CH3CN J=12 → 11 Line Parameters
Source VLSR FWHM
∫
TMB dv (Kkm s
−1)
(km s−1) (km s−1) K = 0 K = 1 K = 2 K = 3 K = 4 K = 5 K = 6 K = 7
G16.59−0.05 59.8(0.2) 6.2(0.6) 0.35(0.02) 0.41(0.02) 0.29(0.02) 0.29(0.02) 0.15(0.02) 0.14(0.03) 0.13(0.03) · · ·
IRAS 18264−1152 44.17(0.01) 5.06(0.08) 0.336(0.007) 0.314(0.007) 0.227(0.007) 0.257(0.007) 0.059(0.007) 0.05(0.02) · · · · · ·
G23.01−0.41 78.5(0.2) 8.3(0.4) 0.59(0.02) 0.38(0.02) 0.42(0.02) 0.51(0.02) 0.25(0.02) 0.25(0.04) 0.22(0.04) 0.11(0.04)
G25.83−0.18 93.8(0.1) 8.1(0.3) 0.69(0.02) 0.66(0.02) 0.60(0.02) 0.62(0.02) 0.33(0.02) 0.29(0.04) 0.22(0.04) 0.12(0.04)
G28.87+0.07 103.4(0.4) 6.3(1.2) · · · · · · · · · 0.28(0.04) 0.17(0.03) 0.13(0.03) 0.11(0.03) · · ·
G34.26+0.15 59.0(0.1) 7.5(0.2) 5.2(0.1) 5.4(0.1) 4.9(0.1) 5.5(0.2) 3.4(0.1) 3.1(0.3) 2.6(0.3) 0.9(0.3)
IRAS 18566+0408 84.8(0.2) 8.4(0.4) 0.28(0.02) 0.34(0.02) 0.33(0.01) 0.31(0.02) 0.17(0.01) 0.19(0.02) 0.14(0.02) · · ·
IRAS 20126+4104 −3.8(0.1) 7.8(0.3) 0.44(0.01) 0.46(0.01) 0.39(0.01) 0.45(0.02) 0.26(0.01) 0.22(0.03) 0.22(0.03) · · ·
NGC 7538 S −55.69(0.08) 5.5(0.2) 0.52(0.01) 0.49(0.01) 0.31(0.01) 0.36(0.01) 0.11(0.01) 0.11(0.02) 0.06(0.02) · · ·
Table 4
CH3CN J=12 → 11 Line Parameters (Free Fits)
Source # K TMB VLSR FWHM
∫
TMB dv
(K) (km s−1) (km s−1) (Kkm s−1)
G16.59−0.05 0 0.067(0.006) 60.1(0.3) 5.1(0.6) 0.37(0.05)
1 0.068(0.006) 60.2(0.3) 5.1(0.6) 0.37(0.05)
2 0.049(0.006) 59.8(0.2) 5.0(0.4) 0.26(0.02)
3 0.044(0.006) 59.8(0.2) 6.2(0.6) 0.29(0.02)
4 0.023(0.006) 59.2(0.4) 6.2(1.1) 0.15(0.02)
5 0.018(0.006) 58.9(1.3) 8.8(3.6) 0.17(0.06)
6 0.022(0.006) 59.0(0.7) 4.9(1.9) 0.11(0.03)
IRAS 18264−1152 0 0.076(0.006) 44.6(0.1) 3.9(0.2) 0.32(0.01)
1 0.068(0.006) 44.2(0.1) 3.9(0.2) 0.28(0.01)
2 0.038(0.006) 43.9(0.1) 6.2(0.3) 0.25(0.01)
3 0.048(0.006) 44.2(0.1) 5.1(0.2) 0.26(0.01)
4 0.010(0.006) 44.6(0.4) 5.9(0.7) 0.07(0.01)
5a 0.009(0.006) 44.8(1.5) 11.4(2.9) 0.11(0.03)
G23.01−0.41 0 0.061(0.006) 76.8(1.1) 7.5(1.3) 0.49(0.19)
1 0.061(0.006) 77.9(1.2) 8.1(1.9) 0.53(0.21)
2 0.047(0.006) 77.7(0.3) 8.9(0.8) 0.45(0.03)
3 0.057(0.006) 78.5(0.2) 8.3(0.5) 0.51(0.02)
4 0.026(0.006) 78.2(0.5) 10.2(1.0) 0.28(0.03)
5 0.023(0.006) 79.2(2.6) 11.3(3.8) 0.28(0.13)
6 0.021(0.006) 77.3b 10.2c 0.23(0.05)
7 0.016(0.006) 77.8(1.2) 5.9(2.4) 0.10(0.04)
G25.83−0.18 0 0.096(0.008) 93.7(0.2) 6.4(0.3) 0.66(0.04)
1 0.087(0.008) 94.3(0.2) 7.3(0.4) 0.68(0.04)
2 0.076(0.008) 93.7(0.1) 6.8(0.3) 0.55(0.02)
3 0.072(0.008) 93.6(0.0) 8.1(0.3) 0.62(0.02)
4 0.046(0.008) 93.2(0.2) 5.9(0.3) 0.29(0.02)
5 0.031(0.008) 92.2(0.7) 5.1(1.7) 0.17(0.05)
6d 0.025(0.008) 93.6(0.9) 7.6(3.3) 0.21(0.06)
7 0.019(0.008) 94.7(0.9) 5.7(1.9) 0.12(0.04)
G28.87+0.07 0e · · · · · · · · · · · ·
1e · · · · · · · · · · · ·
2e · · · · · · · · · · · ·
3 0.041(0.007) 103.4(0.3) 6.3(0.8) 0.28(0.03)
4 0.024(0.007) 103.6(0.5) 6.9(1.1) 0.18(0.02)
5a 0.017(0.007) 103.1(0.8) 8.7(1.9) 0.15(0.03)
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Table 4 — Continued
Source # K TMB VLSR FWHM
∫
TMB dv
(K) (km s−1) (km s−1) (Kkm s−1)
6d 0.017(0.007) 102.9(0.8) 6.82c 0.13(0.02)
G34.26+0.15 0 0.81(0.02) 59.5(0.4) 7.5(0.6) 6.4(0.8)
1 0.65(0.02) 59.9(0.4) 6.0(0.6) 4.2(0.8)
2 0.64(0.02) 59.0(0.1) 7.0(0.2) 4.8(0.1)
3 0.69(0.02) 58.9(0.1) 7.5(0.2) 5.5(0.2)
4 0.44(0.02) 58.6(0.2) 6.9(0.3) 3.2(0.1)
5 0.35(0.02) 58.3(0.0) 8.4(1.6) 3.1(0.5)
6 0.35(0.02) 58.5(0.3) 6.1(1.4) 2.3(0.3)
7 0.14(0.02) 58.1(1.0) 5.5(2.3) 0.8(0.2)
IRAS 18566+0408 0 0.041(0.007) 85.9(0.2) 9.2(0.2) 0.399(0.003)
1 0.029(0.007) 85.6(0.2) 7.1(0.2) 0.217(0.003)
2 0.038(0.007) 83.5(0.2) 8.1(0.2) 0.332(0.003)
3 0.034(0.007) 84.8(0.2) 8.5(0.2) 0.313(0.003)
4 0.019(0.007) 84.1(0.2) 7.8(0.2) 0.162(0.003)
5 0.020(0.007) 82.3(0.6) 7.2(1.5) 0.16(0.03)
6d 0.011(0.007) 83.0b 9.5c 0.11(0.02)
IRAS 20126+4104 0 0.052(0.006) −3.7(0.3) 9.4(0.8) 0.53(0.06)
1 0.046(0.006) −2.9(0.3) 9.1(0.9) 0.44(0.06)
2 0.049(0.006) −3.3(0.1) 7.1(0.3) 0.37(0.02)
3 0.054(0.006) −3.8(0.1) 7.8(0.3) 0.45(0.02)
4 0.033(0.006) −4.1(0.2) 6.8(0.4) 0.24(0.01)
5 0.024(0.006) −5.8(0.7) 6.4(1.6) 0.16(0.04)
6d 0.025(0.006) -3.3b 7.9c 0.21(0.03)
NGC 7538 S 0 0.108(0.006) −55.00(0.06) 4.9(0.2) 0.57(0.02)
1 0.097(0.006) −55.07(0.06) 3.7(0.1) 0.39(0.02)
2 0.055(0.006) −55.45(0.07) 4.9(0.2) 0.29(0.01)
3 0.062(0.006) −55.70(0.09) 5.5(0.2) 0.36(0.01)
4 0.019(0.006) −55.3(0.2) 4.9(0.5) 0.11(0.01)
5 0.026(0.006) −60.0(0.7) 7.7(2.0) 0.21(0.04)
6d 0.011(0.006) −56.3(1.2) 5.3(2.2) 0.06(0.03)
a
Components K= 0 and K= 1 of the isotopologue CH3
13CN not fitted.
b
VLSR artificially constrained in the fit.
c
FWHM fixed in the fit.
d
Molecule t−CH3CH2OH not included in fit.
e
USB emission is affecting the lines.
